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This memo describes an erasable memory program (officially 
under the heading of EMP 103) which is thought to permit a landing 
under PGNCS autopilot control despite a failed CDUX. It is not, at 
this stage, recommended for use in flight. 

The idea is simple -- and simple-minded. Every 20 ms. , executed as 
part of the downrupt in the manner familiar by now to all dabblers in 
erasable memory programming, the EMP does its best to stop auto- 
pilot activity in the yaw channel. Specifically: (1) it zeroes the 
autopilot registers CDUX, CDUXD, DELCDUX, OMEGAPD, OMEGAP, 
and DELPEROR, actual angel, desired angel, desired rates, and rate 
estimate quantities; (2) it enlarges the autopilot deadband to about 3°, 
and (3) it enables x-axis override. 

Part two prevents the deadband from being violated by a runaway CDUX 
in the 20 ms, between zeroings. In that time, CDUX can count 6400/50 
128 pulses = 1. 4 . The replacement value for the deadband -- which 
normally is 1*^ in P63 and 0. 3*^ in P64 -- is chosen so that a single lost 
downrupt can be tolerated. 

Part three is to prevent x^-axis override from being locked out at 30000 
feet altitude, since it is x-axis override that permits control in yaw. 
With this EMP in operation, the RHC acts as an acceleration command 



stick. As long as the stick is out of detent, jet firings occur every 
100 ms. , their magnitude depending on the magnitude of the stick 
deflection. (This is similar to the AGS minimum impulse mode. ) 

In a test of the hybrid simulator at MIT, with Sam Drake at the 
controls, this type of control seemed adequate to keep yaw within 
about 5° of zero. (Note that if the redesignator is enabled, the 
pilot must be careful not to deflect the stick in pitch or roll when 
using it to control yaw. ) An alternative way to control yaw with 
this EMP in operation is to switch briefly to AGS and correct yaw 
using the AGS autopilot, and then return to PGNCS. 

On the basis of one test, run with a slightly simpler version on the 
digital simulator, and thus open-loop, it appears that if yaw is 
allowed to diverge too far from zero, control breaks down in the 
other two axes as well. The autopilot's idea of the transformation 
from stable-member to body axes at some point becomes so in- 
correct as to affect control in pitch and roll. How far is "too far" 
is an open question, although keeping yaw within 10° of zero is 
probably sufficient. 

Another open question is the effect of multiple, consecutive lost 
downrupts. Another is the question of the quality of control possible 
in pitch and roll with a deadband three times the conventional powered 
flight deadband, and ten times the deadband thought necessary in P64. 

The details follow, I would like to hear what luck others have in 
running this program. 
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